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0 Fluid separation and processing device. 

© An assembly (10) for separating, metering and 
delivenng fluids includes a central rotating member 
i12) rotatabte about a fixed spin axis (14). A process- 
ing chamber holding member is connected to the 
central rotating member fi2) by a csntrifugally ac- 
tuated frame (30). At rotational speeds below a first 
predetermined speed, the centnfugally actuated 
frame (30) is in a first position. At rotational speeds 
greater than the first speed, centrifugal force moves 
the frame (30) to a second position angularly spaced 
from and at greater distance from the spin axis (14) 
than the first position. A processing chamber (60) is 
mounted on the holding member (26. 28) and its 
orientation relative to the spin axis (14) is the same 
in the first and second positions. Fluid is provided in 
the processing chamber (60). By accelerating the 
21 processing chamber (60) to the first predetermined 
^ speed and decelerating below the first predeter- 
^ mined speed in a selected sequence, specific centri- 
22fugal force vectors are generated in the processing 
chamber (60) that move the fluid (70) and retain it in 
f*^ selected chambers (90. 96. 104. 120). During this 
2j sequence, the fluid (70) is metered, separated and 
delivered to a reduction area (138) where measuring 
Ois performed. 
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FLUID SEPARATION AND PROCESSING DEVICE 



BACKGROUND OF THE INVENTION 



A. F eig Of The Invention 

The present invention relates to fluid separation 
devices and planchettes or processing champers 
therefor, ana more particularly, -he present inven- 
tion relates to a centrifugaily actuated device that 
car apply different centrifuge force vectors on the 
planchette to control fluid flow within the oian- 
•rhette. The invention is particularly applicable to 
the crocessing of whole blood. 

B. Descnptton of the Background Art 

Analysis of fluids is required in a wide variety 
of instances. One common analysis :s to determine 
blood chemistries. This analysis involves obtaining 
a samole of olood from a patient and centrifugmg 
the blcod sample to separate solid components 
such as. for example, red blood cells from the 
ticuid component of the biood sample. Upon sepa- 
rating the ficuid component, it is metered. Oiluted 
with a buffer solution ana apclied to a reagent for 
measuring. This analysis requires a number of time 
ccrsuming. manual steps and the use of elaborate 
and ccmpiex instrumentation. 

Manual analyses require obtaining a biood 
sample and placing it into a centrifuge device to 
obtain liquid separation from the solid components. 
The liQuic is then manually removed and trans- 
ferred to a container for dilution ana or mixing with 
reagents. Once mixing has occurred, an instrument 
is used to measure the different components in the 
sample. In an attempt to eliminate these manual 
steps, several instruments have been developed 
that use centrifugal force to perform the various 
analyses while minimizing the need fcr manual 
manipulation. One such instrument is cisclosed in 
European patent application 160.901. filed April 26. 
1985. This application discloses an apparatus for 
generating centrifugal force and includes a plate 
rotatable about an axis with at least one holding 
device mounted on the plate. The holding device is 
adapted to receive a processing card or planchette. 
The apparatus includes structure for rotating the 
planchette relative to the plate member during 
spinning of the plate member thereby changing the 
portion of the processing card acted on by the 
centrifugal force. In this aoparaius. the planchette 



or processing card remains m the same location 
relative to the plate member: however, the process- 
ing card or planchette ts rotated such that different 
sides or ends of the planchette are acted on by the 

5 centrifugal force vector. 

The apparatus descnbed m European Patent 
Application No. 160.901 requires complex mechani- 
cal structure and related equipment in order to 
accomplish the rotation of the planchette or pro- 

:o cessing card during spinning of the plate. The 
complexity of the mechanical structure requirea 
increases the expense of the apparatus and servic- 
ing of the apparatus is expensive and . difficult. 
Moreover, the apparatus is very sensitive to bal- 

■ 5 ancing since if it is slightly out of balance, the 
vibration can damage or destroy the complex me- 
chanical structure 

In centnfugai analysis devices of the type de- 
scribed, the processing card or planchette is also 

20 very important. An example of a processing card or 
planchette is provided in European patent applica- 
tion 160.282. filed Apnl 26. 1985. This application 
discloses a sample processing card or planchette 
that IS to be used with a centrifuge device. The 

25 processor card or planchette includes a supply of 
chemical reagent and inlet means for supplying a 
chemical sample such as whole blood into the 
processing card. The chemical sample is moved 
by centrifugal force through different passages and 

30 Chambers in the processing card and is mixed with 
a reagent allowing a chemical analysis to be per- 
formed. 

The disclosed processing card or planchette 
requires overflow chambers and cavities to provice 

35 the desired measured amount of fluid. This pro- 
cessing card relies on a true fill and emptying 
process wherein the different chambers and cav- 
ities are filled and the processing card is physically 
rotated to empty fluid out of the different chambers 

^ and cavities. Physical barriers in the form of walls 
partially extending into openings m the chamber 
are necessary to prevent the emptying of sepa- 
rated material out of the cavities when the process- 
ing card is rotated. For example, whole blood may 

45 be centnfuged in one of the cavities. The process- 
ing card IS then rotated relative to a plate of the 
centrifuge to pour plasma out of the cavity while 
the solid red blood cells are held m the cavity by a 
barrier wall at the mouth of the cavity. Since the 

50 cavities are physically filled or emptied in accor- 
dance with this process, the location of the pro- 
cessing card relative to the spin axis of the cen- 
trifuge device IS not critical. 

It is desirable to provide an apparatus for per- 
forming chemical analyses usmg centrifugal force 
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that has a minimum o\ mechanical siruciural ele- 
ments thereby simplifying the aooaratus. reducing 
its cost and allowing quick and easy servicing. In 
addition, a processing card or pianchette without 
physical barriers thereby simplifying its construc- 
tion is also desirable. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a new and improved apparatus for performing 
chemical analyses on fluids such as whole blood. 

Another object of the present invention is to 
provide a new and improved pianchette that can be 
used with a centrifuge device to perform chemical 
analyses on fluids such as whole blood. 

Another object of the present invention is to 
provide a new and improved method for separat- 
ing, metering, diluting and delivering a fluid such 
as v/hole blood for chemical analyses. 

A still further object of the present invention is 
to provide a new and improved centrifuge appara- 
tus for separating, metering, diluting and delivering 
a fluid for chemical analyses in a pianchette that 
uses specific centrifugal force vectors to move the 
fluid and a curved fluid line produced by the centri- 
fugal force to hold tt within selected chambers in 
the pianchette. 

Still another object of the present invention is 
to provide a new and improved apparatus that 
translates a pianchette from a first angular position 
to a second angular position relative to a spin axis 
of the apparatus to apply different centrifugal force 
vectors on the pianchette. 

Another object of the present invention is to 
provide a new and improved pianchette that does 
not require physical barriers to control the flow of 
fluids and solids through the pianchette. 

Briefly, the present invention is directed to a 
new and improved assembly or device for separat- 
ing, metering, diluting and deiivenng a fluid such 
as whole blood for chemical analyses, to a new 
and improved method for separating, metering, 
diluting and delivering a fluid for chemical analy- 
ses, and to a new and improved pianchette. The 
new and improved assembly can be used to sepa- 
rate plasma and red blood cells in a sample of 
whole blood and perform one of several different 
chemical analyses such as a testing for glucose. 

The assembly includes a centrifuge device with 
a rotating member rotatabie about a fixed spin axis. 
A pianchette holding member is moved around the 
spin axis by a centrifugatly actuated frame. The 
frame is biased to a first position by a spring or 
similar element during start-up of the assembly. 
Upon the assembly reaching a first predetermined 



spin speed, centrifugal force overcomes the biasing 
force of the spring translating the frame to a sec- 
ond position. This action by the frame moves the 
pianchette holding member to a second position 

5 spaced angularly from the first position and radially 
farther from the spin axis than the first position. 
Orientation of the pianchette holding member, how- 
ever, does not change relative to the spin axis in 
the first and second positions. 

;o In order to perform any of a number of chemi- 

cal analyses, a pianchette with unobstructed cav- 
ities and passages is provided. A sample of fluid to 
be analyzed, such as whole blood, can be intro- 
duced into the pianchette along with a buffer into 

/5 separate fill chambers. During start-up of the cen- 
trifuge device, the centrifugal force vector moves 
from a start-up position to a spin speed position. 
Upon reaching spin speed, the frame, under the 
influence of centrifugal force, translates the plan- 

20 chette from a first position to a second position. As 
this occurs, the centrifugal force vector acting on 
the pianchette translates from a first angular posi- 
tion to a second angular position. Centrifugal force 
acting on the pianchette along the second force 

25 vector moves the whole blood and the buffer solu- 
tion from the fill chambers through passages into 
separate, open metering chambers. During rotation 
of the centrifugal device, a curved fluid fill line is 
formed in the metering chambers. The metering 

30 chambers are located on the pianchette to be a 
predetermined distance from the spin axis such 
that the fluid fill line acts as a barrier to the flow of 
buffer and blood from their respective metering 
chambers and meters the blood and buffer to pre- 

35 determined volumes. 

The assembly is rotated at the spin speed for a 
predetermined period of time to separate red blood 
cells from plasma. Once separation is accom- 
plished, the assembly is decelerated. As this oc- 

40 curs, the spring overcomes the centrifugal force 
translating the frame and the pianchette from the 
second position to the first position. In both the first 
and second positions, the orientation of the pian- 
chette relative to the spin axis remains the same. 

45 As. the pianchette returns to the first position, the 
centrifuge force vector acting on the pianchette 
returns to the start-up or first position. The centri- 
fugal force in the first position moves the buffer out 
of the metering chamber, through a passage and 

50 into a first transfer trap. Similarly, centrifugal force 
in this position moves the liquid in the sample or 
blood separating chamber out the open end of the 
separating chamber, through a passage and into 
the first transfer trap. In the transfer trap there is 

55 partial mixing of the plasma and buffer. 

The centrifugal device can then be accelerated 
to the spin speed. As this occurs, there is a transla- 
tion of the pianchette to the second position as 
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:enuifLgai *orce moves the frame against the bias 
or tne sonng. As the olancneite is moving lo the 
seccna position, the centrifugal force vector is 
•ransiatea from the start-up or first vector to the 
second vector and the direction of the centrifugal 
force acting on the pianchette is changed. Upon 
reaching spin speed, the partially diluted plasma 
passes through a mixing channel completely mix- 
ing the buffer and plasma. A fluid fill line is again 
developed by the centnfugai force trapping and 
holcing the dilutee plasma m a holding area. This 
hoicing area is at a predetermined location m the 
piancrette such that the fluid fill line creates a 
ba.^ner forcing excess fluid out of the holding area 
ana <nto an overflow chamber thereby metering the 
dilutee piasma to a preaetermined volume. The 
fluid fill line also prevents flow of the diluted ptas- 
rTia cut of the holding area. 

The centrifuge device is then decelerated. As 
this occurs, the centnfugai force vector is trans- 
lated Vom the spin speed position to the start-up or 
iow speed oosition. Concurrently with this transla- 
tion. :entrifugai force is reduced resulting m the 
frame returning to the first position under the influ- 
ence of the spnng. The pianchette is also trans- 
:ated from the second position to the first position. 
The centnfugai force acting along the start-up vec- 
tor then moves the diluted plasma from the holding 
chamber inter a reduction area that includes one or 
more reagents. The diluted plasma interacts with 
the reagent to provice a measurable response. 

Using this assembly and method, the various 
steps necessary to perform chemical analyses are 
oerformed by a machine that can be programmed 
to perform different steps at preselected speeds for 
orecetermined periods of time thus eliminating the 
need for time consuming manual operations. By 
translating the pianchettes using centrifugal force, 
the frame of the assembly is simple m construction 
reauinng few parts ana minimizing the need for 
and the cost of servicing. In addition, since centri- 
fugal force IS employed to create fluid fill line 
barriers that move and hold the sample and buffer 
tn the different chambers, a complex pianchette 
reauinng permanent physical barriers such as walls 
to control the flow of fluid is not required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other and further objects, advantages and fea- 
tures of the invention will be apparent to those 
skilled in the art from the following detailed de- 
scription thereof, taken in coniunction with the ac- 
companying drawings in which: 



FIG. 1 IS a schematic illustration of an as- 
sembly for seoarating. .metering, diluting and oe- 
iiverrng ftuio illustrated in a first or stan-up position. 

FIG. 2 IS a schematic illustration similar to 
5 FIG. I tllustraiing the assembly for separating, me- 
tering, diluting ana delivering a fluid »n a second, 
spin position: 

FIG- 3 IS a eievationai plan vtew of a pian- 
chette constructed m accoraance with the pnnci- 
•0 pies of the present invention m the start-up or at- 
resi position: 

FIG. 4 is a view of the pianchette illustrated 
tn FIG. 3 translated from the position illustrated in 
FIG. 3 to the second position corresponding to the 
'5 position illustrated m FIG. 2: 

FIG. 5 IS a view of the pianchette during 
deceleration of the assembly retunng me assembly 
to the position illustrated in FIG. i: 

FIG. 6 is a view of tne pianchette during 
20 acceleration subsequent to the deceleration illus- 
trated in FIG. 5: and 

FIG. 7 ts a view of the pianchette during 
deceleration subsequent to the acceleration illus- 
trated in FIG. 6. 

2S 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

30 

Medical and chemical analyses of Jiquid sam- 
ples such as whole blood include many steps that 
are manually performed. Manually performing 
some or ail of the steps is expensive and slow. 

j5 Instruments for performing the necessary steps us- 
ing centrifugal force are avaiiable: however, these 
instruments are complex and expensive, and ser- 
vicing is difficult. The present invention allows ana- 
lysis of a very small liquid sample of tne order of a 

40 few microliters. This is of interest, particularly m 
medical analyses, since it allows the avoidance of 
subjecting a patient to drawing blood with syringes. 
Medical analyses, such as testing for the level of 
glucose in a patient*s blood, often must be per- 

J5 formed several times a day. Minimizing the amount 
of blood that must be taken for each test results m 
increased comfort to the patient and less reluc- 
tance to taking these tests. 

To provide simplified and efficient testing, the 

50 present invention includes a new and improved 
centrifugal force generating assembly and a new 
and improved pianchette. The centrifugal force 
generating assembly includes a centrifugally ac- 
tuated frame that translates a pianchette from a 

55 first position to a second position. In each position 
the pianchette is aligned with a different centrifugal 
force vector. The pianchette is of a design such 
that a fluid fill line is created by the interaction of 



EP 0 297 394 A2 



centrifugal I'orce and ihe iluics being analviec m 
the planchette. The tluid fiil lines provide barriers 
which prevent fluid How m certain directions. By 
creating fluid fill lines, physical barriers required :n 
pnor art planchettes are eliminated and more pre- 
cise metering of the fluids to be analyzed is possi- 
ble. 

Considering first the centrifugal force generat- 
ing device or assembly, reference is made to FIGS. 
1 and 2. A centrifugal force generating device or 
assembly generally designated by the reference 
numeral 10 is illustrated. The centrifugal force gen- 
erating assembly lO includes a rotating member 12 
rotatable about a fixed spin axis 14 by a motor (not 
shown). The rotating member 12 is of a "S" con- 
figuration including an elongated central portion 16 
with a first arm 18 and a second arm 20. First arm 
18 terminates in a fiat surface 22. Similarly, second 
arm 20 terminates in a flat surface 24. 

To mount planchettes on assembly 10. a first 
planchette holding member 26 and a second plan- 
chette holding member 28 are provided. First plan- 
chette holding member 26 and second planchette 
holding member 28 are mechanically coupled to 
the rotating nnember 12 by a centrifugally actuated 
frame assembly generally designated by the refer- 
ence numeral 30. As rotating member 12 ap- 
proaches spin speed, the centrifugally actuated 
frame assembly 30 operates automatically to trans- 
late the first planchette holding member 26 and 
second planchette holding member 28 from a first, 
at rest or start-up position illustrated m FIG. 1 to a 
second, spin position illustrated in FIG. 2. As rotat- 
ing member 12 is decelerated from the spin speed, 
frame assembly 30 automatically returns the first 
planchette holding member 26 and second plan- 
chette holding member 28 to the first position. The 
planchette holding members 26 and 28 are farther 
from the spin axis 14 in the second position than in 
the first position, and tend to seek the second 
position when acted upon by the centrifugal force 
produced when the assembly 10 is rotated. This 
action is used by the frame assembly 30 to trans- 
late the planchette holding members 26 and 28. 

The centrifugally actuated frame assembly 30 
includes a first frame member 32. A first end 34 of 
the first frame member 32 is pivotally secured to 
the first planchette holding member 26 by a pin 36. 
Similarly, a second end 38 of first frame member 
32 is pivotally secured to the second planchette 
holding member 28 by a pin 40. As best illustrated 
by comparing FIGS. 1 and 2. first frame member 
32 functions to guide the angular movement of first 
planchette holding member 26 and second plan- 
chette holding member 28 during the translation 
from the first position (FIG. 1) to the second posi- 
tion (F1G.2) and from the second position to the 
first position. 



The orientation of the first planchene holding 
member 26 and the second planchene holding 
member 28 relative to the spin axis 14 remains ihe 
same in the first position (FIG. l) and in the second 
5 position (FIG. 2). By maintaining the same onenta- 
tion. the centrifugal force vector acting on planchet- 
tes mounted on first planchette holding member 26 
and second planchette holding member 28 can be 
changed to move fluid through the planchette. To 
;o maintain the same orientation and to prevent rota- 
tion of. the first planchette holding member 26 
relative to the spin axis 14. a second frame mem- 
ber 42 is provided. Second frame member 42 
includes a first end 44 pivotally secured to the first 
;5 plan chette holding member 26 by a pin 46. A 
second end 48 of the second frame member 42 is 
pivotally mounted to the rotating member i2 by a 
pin 50. The connection of second frame member 
42 to the rotating member 12 and the first plan- 
20 chette holding member 26 functions to guide the 
angular movement of the first planchette holding 
member 26 from the first position (FIG. 1) to the 
second position (FIG. 2). In effect, first planchette 
holding member 26 moves in an arc with a center 
25 at pin 50- The pivotal connection of both the first 
frame member 32 and the second frame member 
42 to the first planchette holding member 26 pre- 
vents rotation of the first planchette holding mem- 
ber 26 relative to the spin axis 54. Consequently. 
30 the orientation of the first planchette holding mem- 
ber 26 relative to the spin axis 14 remains the 
same in both the first or second positions. To 
maintain the second planchette holding member 28 
in the same orientation relative to the spin axis in 
35 both the first and second positions a third frame 
member 52 is pivotally secured to the second 
planchette holding member 28 and the rotating 
member 12 by pins 54 and 56. respectively. 

While the centrifugal force generating assem- 
40 biy 10 is at rest and during start-up, the centri- 
fugally actuated frame assembly 30 is biased to 
the first position {FIG. 1) by a resilient spring 58 
attached to pins 46 and 54. Spring 58 holds frame 
assembly 30 in the first position until rotating mem- 
45 ber 12 reaches a predetermined spin speed. As 
spin speed is approached, the centnfugal force 
exceeds the force of spring 58 and the first plan- 
chette holding member 26 and second planchette 
holding member 28 seek the second position (FIG. 
50 2) which is farther from the spin axis 14 than the 
first position. 

In the second position a side of the first plan- 
chette holding member 26 engages the flat surface 
22 and a side of the second planchette holding 
55 member 28 engage the flat surface 24. During the 
translation of the first planchette holding member 
26 and the second planchette holding member 28. 
the orientation of the holding members is not var- 
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leo reiaiive -o ihe sc\r. a/is i4 anc ;he rotaimg 
rnerr.Der 12. Upon deceieraiion or the foiating 
merr.Der 12. the centrifugal force :s -eoucea until 
■he -orce cf me sonng 58 overcomes the centri- 
fugal force swinging the firs: pianchette nolding 
nr.enber 26 and the second pianchette holding 
member 28 to the first position iFIG. 1 K 

As will be jnaersiood by one skilled in the an. 
dunng rotation of the rotating member 12. centn- 
fugat force vectors are developed that emanate 
raciai!y outwardly from the spin axts 14. The first 
and second positions of the first planchette holding 
member 26 and the second piancheite holding 
member 28 correspond to different angular posi- 
tions arouna the spin axis 14 such that different 
centr:fugal force vectors emanating from the spin 
axis 14 act ucon the first oiancnette holding mem- 
ber 26 and second planchette holding member 28 
m the first position and on the second position. The 
two force vectors acting on the first planchette 
hcicing member 26 and :he second planchette 
hoiCing memcer 28 are illustrated by arrows m 
FIGS. 1 and 2. In FIG. i. the arrow designated 
"Force Vector l '* illustrates the direction of centri- 
fugal force acting on the first planchette holding 
member 26 and the second planchette holding 
member 28 in the first position. In the second 
position (FIG. 2). the centrifugal force acts along a 
vector ;n the direction oesignated by the arrow 
:deniified as "Force Vector 2." 

By companng FIGS. 1 and 2. n can be deter- 
mined that in the secona position the first plan- 
cnette j^otding memoer 26 and the second plan- 
chette ^.otaing member 28 are at a greater radial 
stance from the spin axis 14 than at the first 
position and seek the secona position when acted 
on by centrifugal force. By using centnfugal force, 
frame assembly 30 orovides a simple structure for 
translating the first planchette holding member 26 
and the second planchette holding member 28 to 
different angular positions resulting m different cen- 
trifugal force vectors acting on the planchette hold- 
ing members. 

To perform chemical and medical analyses us- 
ing assembly 10. a planchette or processing cham- 
ber IS mounted on the planchette holding members 
26 and 28. By sequencing acceleration to spin 
speed and deceleration below the spin speed, this 
sequence, in combination with a specific design of 
planchette. will allow the centrifugal force generat- 
ing device 10 to perform a number of different 
steps m a preferrea medical or chemical analysis. 
By using centrifugal force ana translating the plan- 
chette holding members 26 and 28 and a plan- 
chette, fluid fill lines are generated that replace the 
physical barriers required in prior art planchettes. 

A planchette constructed m accordance with 
the principles of the present invention is illustrated 



in FIGS. 3-~ ana generally 'Ceniifieo by the refer- 
ence numeral 60. To use assemoiy lO. pianchettes 
60 are mounted on both the first olanchette holding 
memoer 26 and the second planchette holding 

5 member 28 m order for the assembly 10 to be 
balanced during rotation. The location of cavities 
and passages m planchette 60 relative to the spm 
axis 14 is an important factor m the design of 
planchette 60. Planchette 60 is sensitive to its 

*o location relative to the spin axis 14 because centri- 
fugal force developed by assembly lO is employed 
to meter and move fluids through the different 
passages and chambers of the planchette 60. and 
to create fluid fill lines to hold fluid m the different 

'5 chambers while a step of the analysis is being 
performed. 

In one embodiment, planchette 60 is a one- 
piece, molded housing 62 with a transparent lami- 
nate Sheet laminated on the top and or the bottom 

20 of housing 62. This construction provides simplified 
assembly and reduces the expense of the plan- 
chette 60. wnich (S important smce planchette 60 is 
intended to 'De disposable. 

To understand the construction of planchette 

25 60 and the operation of assembly 10. both will be 
descnbed by giving through the steps of a chemi- 
cal analysis on a sample of whole blood. Turning 
initially to FIG. 3. planchette 60 fs illustrated m the 
"at rest" or start-up configuration corresponding to 

:o the first position of assembly 10 illustrated m FIG. 
1. For illustration purposes only and not as an 
indication of exact positions, the location of sen 
axis 14 IS illustrated by the circle 14A in FIG. 3 and 
the centnfugal force vector dunng start-up of as- 

35 sembly lO is illustrated by the arrow designated by 
the reference numeral 64. 

Pnor to start-up of assembly 10. thirty to fifty 
microliters of whole blood 70 is introduced into a 
blood fill chamber 66 through a blood mlet port 68. 

JO The volumes of the sample is not cntical since the 
proper amount of blood to be used m the analysts 
is metered in a later stage of planchette 60. In 
addition, thirty to fifty microliters of buffer fluid 72 
is introduced into a buffer fluid chamber 74 through 

-5 a buffer fluid miet port 76. With planchettes posi- 
tioned on the first planchette holding member 26 
and the second planchette holding member 28. 
assembly 10 is energized to spm rotating member 
12. During acceleration, the centrifugal force vector 

50 acting on the planchette 60 corresponds to "Force 
Vector 1 " in FIG. 1 and acts on planchette 60 m 
the direction of arrow 64 in FIG. 3. Once assembly 
10 reaches a preselected spin speed, planchette 
holding members 26 and 28 are translated to the 

55 second position (Fig. 2) and the centnfugal force 
acting on planchette 60 m the second position is 
along "Force Vector 2." 

As assembly lO accelerates, there is not an 



mstanianeous change from "Force Vector \" (FIG. 
1) to "Force Vector 2" (FIG. 2). but rather, a 
transition or translation. During this transtation the 
centrifugal force is acting on the blood 70 m biood 
fill chamber 66 and the buffer 72 in the buffer fill 
fluid channber 74 and it is undesirable for the blood 
70 or buffer 72 to flow into the other stages of 
ptanchette 60 until the spin speed is reached. To 
prevent flow of blood through ptanchette 60 prior to 
reaching the preselected spin speed, a start-up 
trap or fill fluid lock 78 ts provided in an outlet 
passage 80 leading from the blood fill chamber 66. 
A similar start-up trap 82 is provided in the outlet 
passage 84 to the buffer fluid chamber 74. Start-up 
fluid .raps 78 and 82 function to hold fluid flowing 
from chambers 66 and 74 during start-up and to 
prevent further movement of fluid inter planchette 
60 until full spin speed is reached. 

Companng FIGS. 3 and 4 of the drawings, the 
transition from start-up of assembly 10 to the spin 
velocity »s illustrated. In FIG. 4 spin speed has 
been reached and the spin axis is schematically 
illustrated by the circle designated by the reference 
numeral 14B. Spin axis 14B corresponds to the 
relative position of the spin axis in the second 
position of assembly 10 (FIG. 2). At spin velocity, 
the direction of centrifugal force acting on plan- 
chette 60 is represented by the arrow 86. Centri- 
fugal force acting along vector 86 moves whole 
blood through the start-up trap 78 and an inlet 
passage 88 inter a plasma metering chamber 90. 
Contrary to the prior art. plasma metering chamber 
90 has an unobstructed inlet. Blood is moved into 
plasma metenng chamber 90 by centrifugal force 
that forms a fluid fill line schematically illustrated 
by the line 92. Fluid fill line 92 radiates outwardly 
from spin axis 14B. As biood flows into metering 
chamber 90. excess blood is forced into and 
through an overflow passage 94 and into an over- 
flow chamber 96. To eliminate back-up pressure in 
overflow chamber 96, chamber 96 is vented to 
atmosphere by a vent passage 97. Flow of blood 
into overflow chamber 96 continues until fluid fill 
line 92 reaches the location defined by corner 98 in 
overflow passage 94. In this position of fluid fill line 
92 the volume of blood in chamber 90 behind fluid 
fill line 92 has been predetermined by the size of 
chamber 92 and its position relative to spin axis 
14B. In the present invention, the location and size 
of chamber 90 and the location of fluid fill line 92 
perform the metering function. In one embodiment 
of the present invention the volume is 30 micro- 
liters. 

Fluid fill line 92 functions as a barrier prevent- 
ing flow of blood through overflow passage 94 once 
the desired amount has been metered in chamber 
92. Once metering is complete, fluid fill line 92 also 
serves to prevent flow from the plasma metering 



chamber 90 through outlet passage lOO to another 
stage or planchette 60. Fluic fill line 92 allows 
planchette 60 to be construcieo without physical 
barriers such as walls and similar structures par- 

.5 tially covering the openings or mouths of different 
chambers such as plasma metering chamber 90. 
Such physical barriers are necessary in the prior 
art to prevent and control the flow of fluid during 
rotation of the planchette relative to the centnruge 

iQ device. The fluid fill line 92 is unique in that it is 
removed upon deceleration of assembly 10. and 
the direction and location of the fill line can be 
moved by translation of the planchette 60 by frame 
assembly 30. 

;5 Simultaneously with the movement of blood 

into blood metering chamber 90. centnfugal force 
moves buffer fluid 72 from the buffer fill chamber 
74 through the outlet passage 84 and the start-up 
trap 82 into a buffer metering chamber 104. Centn- 
20 fugal force creates a second fluid fill line 102 
radiating from spin axis 14B. As buffer fluid 72 is 
moved into the buffer metering chamber 104. ex- 
cess buffer fluid 72 is forced into an overflow 
passage 106 through an inlet 108. As buffer fluid 
25 72 flows into outlet 108. and through passage 105 
to the overflow chamber 96. fluid fill line 102 
moves radially outward from the spin axis 14B until 
it passes beyond outlet 108. At this point (FIG. 4) 
no further buffer fluid 72 can flow to the outlet l08 
30 since the fluid fill line 102 acts as a barrier. Addi- 
tionally, fluid fill line 102 prevents flow of buffer 
fluid 72 through an outlet passage 110. Fiuid fill 
line 102 functions in a similar manner to fluid fill 
line 92 acting as a movable barrier and eliminating 
35 the necessity for a structural barrier to be included 
in the outlet passage 1lO. or in other portions of 
the buffer metering chamber 104. 

Buffer metering chamber 104 is configured and 
is of a dimension such that the amount of fluid held 
40 in the buffer fluid chamber 104 by fluid fill line 102 
is predetermined volume, thus metering the 
amount of buffer fluid 72. In one embodiment of 
the present invention, the volume of buffer solution 
that is metered by the buffer metering chamber 
45 104 and held within this chamber by fluid fill line 
102 is 15 microliters of buffer solution. As with 
chamber 90, the dimension of buffer fluid chamber 
104 and its position relative to spin axis 14B deter- 
mine the volume of buffer fluid 72 metered by 
50 chamber 104. 

Once the blood and buffer solution have been 
metered to the preselected volumes, assembly 10 
continues to spin for a predetermined period to 
centrifuge the blood in blood metering chamber 90. 
55 separating red blood celts 1 1 2 from plasma 1 1 4. 
After the expiration of a predetermined period of 
time, separation of all of the red blood cells Ii2 
from the plasma is accomplished. Assembly lO 



7 



13 



EP 0 297 394 A2 



•:an tnen oe aeceieratea beicw the spin speea. As 

sceec ~ecreases. the force or spring 58 over- 
:crr.es t^'e centrifugal force and returns frame as- 
sembly 30. firs: Diancnette hciomg member 26 and 
second pianchette noiding member 28 to the first 
ocsition <F1G. 1). As this occurs, the spin axis 
-eturns to the cosition 14A {FIG. 5i. and the centri- 
fugal force vector acts along the line designated by 
the arrow 64 m FIG. 5 creating a new fluid fill line 
116. F^uid fili lines 92 and 102 are illustrated in 
FIG. 5 fo'' reference purposes illustrating the former 
positions of these fluid fill lines: however, during 
■deceleration, fluid fill lines 92 and 102 do not exist. 

Ucon :he removal of fluid fill lines 92 and i02. 
:utiet passages lOO and 110 are nc longer blocked 
anc plasma ii4 within the tnanguiar area defined 
ceiween fluid fill lines 92 and 116 designated by 
the reference numeral 118 is moved through outlet 
cassage lOO mio a holding area 120. The remain- 
:ng piasma 114 m blood metering chamber 90 is 
"eic within chamber 90 by fluid fill fine 116. The 
translation of the pianchette 60 also removes fluid 
fill ine 102 and centnfugal fcrce moves the buffer 
solution 72 out of buffer metenng chamber 104 
through outlet passage iiQ and into the holding 
area 120. In :he holding area 120. plasma 114 and 
buffer solution 72 are partially mixed resulting in 
diluted ptasrra 122. Holding area 120 is at an angle 
relative tc passage lOO and 110 such that dunng 
deceleration of assembly 10. the diluted plasma 
122 does not travel up the side of holding area 120 
and into another stage of pianchette 60 until as- 
sembly 10 IS again accelerated to spin speed. 

Cnce diiuted plasma 122 reaches holding area 
120. assemtriy 10 is again accelerated to the 
preselected spm speed. As soin speed is reached, 
the pianchette noiding members 26 and 28 are 
transiatec tc the second position and the force 
/ectcr translates from vector 64 in FIG. 5 to vector 
86 m FIG. 6. At the same time, frame assembly 30 
:ransiaies first pianchette holding member 26 and 
second pianchette holding member to the second 
position )FiG. 2). Dunng this translation, the diluted 
plasma 122 <s moved up along the wall of the 
ciluteo ptasma noloing area 120. 

Upon reacning the preselected spin speed, 
centnfugal force has moved the diluted plasma 122 
through a mixing passage 124. thoroughly mixing 
the plasma anc buffer, and into a diluted plasma 
area 128. A fluid fill iine 126 functions as a barrier 
preventing flow of the diluted plasma 122 from area 
128 down a reduction area passage 130. Diluted 
plasma area 128 is dimensioned to meter a 
preselected amount of diluted plasma 122, Excess 
oiluted plasma 122 flows through an outlet passage 
132 into an overflow chamber 134. To relieve back 
pressure, an air vent 138 communicates the over- 
flow chamber 134 with the environment. Flow into 



chamoer i34 continues until flu»d fill line 126 
moves to a corner 135 m passage 132. At this 
point, fluid fill line 126 prevents flow through pas- 
sage 132 and the proper amount of diluted oiasma 

5 122 IS neid m area i28. The size of area 128 and 
its distance from spin axis 14B determine the posi- 
tion of fluid fill line 126 and thus the metered 
volume of diluted plasma i22 tn area 128. During 
this step of the analysis, there is also a fluid fill line 

?o 92a that forms a barner holding the plasma 114 
ana red blood cells 112 remaining withm chamber 
'90 such that they do not flow through outlet pas- 
sage 100. 

Once the diluted plasma 122 has been me- 

^5 tered m diluted plasma area i28. assembly 10 'S 
decelerated below the spin speed removing the 
fluid fill line 126. As this occurs, the frame assem- 
bly 30 translates the pianchette holding members 
26 ana 28 to the first position and the spin axis 'S 

20 translated from 14B (FIG. 6) to 14A (FIG. 7). During 
this translation, force vector 86 is translated to 
force vector 64 but centnfugal force is always act- 
ing on pianchette 60 in the direction to the right as 
viewed in FIG. 7. This direction of centrifugal force 

25 moves diluted plasma 122 down a reduction area 
passage 130 while preventing flow into mtxmg pas- 
sage 124. Diluted plasma 122 flows into a reduc- 
tion area 138 and is held in reduction area 138 by 
a fluid fill tine 140. To minimize back pressure m 

30 reduction area 138 as the diluted plasma 122 en- 
ters, an air vent 142 is provided that communicates 
reduction area 138 to the atmosphere or surround- 
ing environment. The diluted plasma 122 will not 
flow out of the reduction area 138 through air vent 

35 1 42 since the' fluid fill line 140 acts as a barner .n 
the air vent 142. 

The reduction area 138 can include a reagent 
or similar chemical that will react with the diluted 
plasma 122 providing a reaction that is monitored 

JO visually or by an instrument t determine the con- 
centration of a selected chemical or chemicals m 
the diluted plasma 122. Dunng this step of the 
analysis, a second fluid line 1 16A prevents the flow 
of plasma 114 through the outlet passage 100. in 

J5 the reduction area 138 conventional dry-phase 
reagents or liquid-phase reagents can be useo. 
One advantage of a dry-phase reagent is the al- 
lowance of room temperature storage of the plan- 
chenes 60. 

50 The centrifugally actuated frame assembly 30 

and the pianchette 60 provide a system for meter- 
ing and centrifuging whole blood to provide a me- 
tered amount of plasma. Buffer is also metered and 
mixed with plasma. The diluted ptasma m a known 

55 volume is then applied on a reagent area. Pre- 
viously, these tasks were performed manually in a 
time- consuming, labor-intensive process. To ac- 
complish the different processes on the fluid m 
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assembly lO. however, a planchetie is mour.ied on 
a centnfugalty-actuated frame that operates auto- 
matically under the influence of centrifugal force to 
move or translate the pianchette to different an- 
gular locations m relation to the spin axis of assem- 
bly 10. 

Assembly 10 is a small-scale, bench top centri- 
fugal analyzer capable of analyzing samples of 
blood or any other physiological fluid. Sample mea- 
surement and distribution to individual testing areas 
as well as any required dilution is accomplished 
automatically within the confines of an integrally 
molded, single-use. plastic pianchette 60. Assem- 
bly 10 is considerably smaller than existing centri- 
fugal analyzers and considerably simpler mechani- 
cally. The planchettes 60 are designed to be dis- 
posable, yet contain all the reagents and compart- 
ments for sample volume metering and fluid and 
analytical measurement. 

Many modifications and variations of the 
present invention are possible in light of the above 
teachings. Thus, it is to be understood that, within 
the scope of the appended claims, the invention 
can be practiced other than as specifically de- 
scribed. 



Claims 

1. An assembly for separating, metering, dilut- 
ing and delivering a fluid, compnsing: 

a central rotating member rotatable about a 
fixed spin axis: 

a processing chamber holding member; and 

centrifugally actuated means for connecting 
said processing chamber holding member to said 
central rotating member and for translating said 
processing chamber holding member in response 
to a change in centrifugal force acting on said 
centrifugally actuated means from a first position 
relative to said spin axis to a second position 
relative to said spin axis thereby changing the 
direction of centrifugal force acting on said pro- 
cessing chamber holding member. 

2. The assembly for separating, metering, dilut- 
ing and delivenng a fluid of claim 1 wherein said 
second position is at a greater distance from said 
spin axis than said first position. 

3. The assembly for separating, metering, dilut- 
ing and delivering a fluid of claim 1 wherein the 
orientation of said processing chamber holding 
member relative to said spin axis is the same in 
said first position and said second position. 

4. The assembly for separating, metering, dilut- 
ing and delivering a fluid of claim l wherein said 
centrifugally actuated means includes: 

a first rigid member with a first end pivotally 
attached to said processing chamber holding mem- 



ber. 

a second rigid member with a first end 
pivotally secured to said central rotating member 
and a second end pivotally secured to said pro- 
5 cessing chamber holding member, and means for 
biasing said processing chamber holding member 
to said first position. 

5. The assembly for separating, metering, dilut- 
ing and delivering a fluid of claim i wherein said 

10 second position is at a different angular position 
relative to said spin axis than said first position. 

6. A system for performing chemical analyses 
through separation, metering, diluting and deliver- 
ing fluids by changing the angular direction of 

;5 centrifugal force acting on a processing chamber 
containing said fluids, comprising: 

a centrifugal force generating device including 
a spin axis; 

first means for holding a processing chamber; 

20 and 

centrifugal force responsive means for main- 
taining said processing chamber holding means tn 
a first position during start up of said centrifugal 
force generating device, for translating said pre- 
ss cessing chamber holding means to a second posi- 
tion angularly spaced relative to said spin axis from 
said first position upon said centrifugal force gen- 
erating device reaching a first, predetermined rota- 
tional speed, and for returning said holding means 
30 to said first position upon said centrifugal force 
generating device reaching a second, predeter- 
mined rotational speed. 

7. An assembly for metering and centrifugation 
of whole blood and analyzing diluted plasma, com- 
as prising: 

a centrifugal force generating member rotat- 
able about a fixed spin axis: and 

a centrifugal force responsive frame privotally 
secured to said centrifugal force generating mem- 

40 ber. a processing member holding element on said 
frame, means for holding said frame and said pro- 
cessing member holding element in a first position 
at rotational speeds less than a first predetermined 
speed, said frame being responsive to centrifugal 

45 force at rotational speeds above said first predeter- 
mined speed to move said processing member 
holding elements to a second position angularly 
and radially spaced from said first position, the 
orientation of said processing member holding ele- 

50 ment relative to said spin axis being the same in 
said first position and said second position. 

8. A method for separating, metering, diluting 
and delivering a fluid, the steps comprising: 

rotating a processing member containing said 
55 fluid about a spin axis at a first rotational speed in 
a first angular position relative to said spin axis: 

accelerating said processing member to a 
second rotational speed; and 
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iranslanng said crccessmg member to a 
seco.nd angular position relaiive to said spin axis at 
said second rotational speea. 

9 A nnethod for metenng anc centnfugation of 
whole clood and analyzing ciiutea piasn:^a ma 5 
orocessmg member, comprising the steps of: 

applying centrifugal force in a first direction on 
said processing member in a first position to move 
whole biood to a first chamber: 

establishing a fluio fiil !tne m said first chamber rc 
to held saia whole blood in saic first chamber: 

centnfuging said whoie biooa m said first 
cramber: 

moving said processing member to a second 
oositicn angularly spaced from said first position: rs 
and 

applying centrifugal force m a second direction 
different from said first direction on said processing 
member to move piasma from said first chamber to 
a second cnamber. 20 

:Q, A pianchette for separating, metenng. dilut- 
:ng ana delivering a fluid aaaoted to be mounted 
on a centrifugal force generating device with a 
fixeo spin axis and translated from a first position 
tc a second position relative to said spin axis. 25 
comprising: 

3 sample fill chamber: 

a sample metering chamber: 

a first passage communicating saic sample fill 
cnamber and said sample metenng chamber: 30 

a holding chamber: 

a second passage communicating said sample 
metenng chamber and said holding chamber: 

said sample metering chamber and said 
second passage defined on said pianchette a pre- 35 
determirea distance from said spin axis upon 
mounting said pianchette on said force generating 
device wherein centrifugal force from said centri- 
fugal force generating device creates a fluid line 
preventing fluid flow from said sample metenng jo 
chamber into said second passage in said secona 
position. 



45 



50 



55 



® 



J 



Europaisches Patentaml 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 297 394 

A3 



® EUROPEAN PATENT APPLICATION 

® Application number: 88109832.1 0 Int. CI.": B04B 5/04 , B04B 5/02 

(§) Date of filing: 21.06.88 



® Priority: 01.07.87 US 68451 


0 Applicant: MILES INC. 


@ Date of publication of application: 


1127 Myrtle Street 


Elkhart Indiana 4651 4(US) 


04.01.89 Bulletin 89/01 


® Designated Contracting States: 


@ Inventor: Wogonr^an, Frank W. 


209 S. Tuxedo Drive 


OH DE ES FR GB IT LI NL SE 


South Bend Indiana 4661 5(US) 


@ Date of deferred publication of the search report: 




17.01.90 Bulletin 90/03 


® Representative: Kirchner, Dietrich, Dr. et al 




c/o BAYER AG Konzernverwaltung RP 




Patentabteilung 




D-5090 Leverkusen, Bayerwerk(DE) 



CO 

< 

o 

CO 

fx 

CM 



a. 

UJ 



@ Fluid separation and processing device. 

@ An assembly (10) for separating, metering and 
delivering fluids includes a central rotating member 
(12) rotatable about a fixed spin axis (14). A process- 
ing chamber holding member is connected to the 
central rotating member (12) by a centrifugally ac- 
tuated frame (30). At rotational speeds below a first 
predetermined speed, the centrifugally actuated 
frame (30) Is in a first position. At rotational speeds 
greater than the first speed, centrifugal force moves 
the frame (30) to a second position angularly spaced 
from and at greater distance from the spin axis (14) 
than the first position. A processing chamber (60) Is 
mounted on the holding member (26. 28) and its 
orientation relative to the spin axis (14) is the same 
In the first and second positions. Fluid is provided in 
the processing chamber (60). By accelerating the 
processing chamber (60) to the first predetermined 
speed and decelerating below the first predeter- 
mined speed in a selected sequence, specific centri- 
fugal force vectors are generated In the processing 
chamber (60) that move the fluid (70) and retain it In 
selected chambers (90. 96, 104. 120). During this 
sequence, the fluid (70) is metered, separated and 
delivered to a reduction area (138) where measuring 
Is performed. 
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